###### Strengths and limitations of this study

-   Due to the longitudinal quasi-experimental study design, we were able to test the effectiveness in terms of differences in children's health behaviours between the three school groups over time, and were also able to enrol schools on the basis of motivation, which reflects the real-life situation of school health promotion.

-   Since the lack of randomisation could have resulted in confounding bias, we controlled for baseline body mass index (BMI) z-score, gender, study year at T0, socioeconomic status score and ethnicity in all analyses.

-   The high number of children enrolled in the measurements, the low drop-out rate and the objectively measured BMI were strengths of this study.

-   Due to some missing data, multiple imputations were used and a sensitivity analysis was conducted, where only complete cases were included.

-   Participants did not significantly differ from non-responders in the participating schools and other children in the region with regard to health and lifestyle.

Introduction {#s1}
============

Overweight and obesity can lead to health problems, such as type 2 diabetes, cardiovascular diseases and psychological problems (eg, low self-esteem).[@R1] Globally, the prevalence of overweight and obesity among children and adolescents (aged 5--19) has risen dramatically from 4% in 1975 to more than 18% in 2016.[@R3] The prevalence is highest among children with a low socioeconomic background.[@R5] In the Netherlands, the prevalence of childhood overweight and obesity has also increased in the last decennia: 13%--15% of children (aged 2--21 years) are overweight, and 1.8%--2.2% are classified as obese, which is a two to threefold increase compared with 1980.[@R6] The ongoing epidemic increase is particularly caused by unhealthy behaviours, such as unhealthy dietary intake and low levels of physical activity (PA).[@R7] The health behaviours of children in the Netherlands are suboptimal. For example, 42% of children (aged 4--9 years) consume at least 150 g of fruit per day, which drops to 20% for 9--12 years old.[@R8] Regarding PA, only half (48%) of Dutch children (aged 4--12) meet the guidelines for PA of 60 min of moderate-to-vigorous PA per day.[@R9] Unhealthy behaviours at a young age often track into adulthood[@R10] and are related to health and psychosocial problems, reduced quality of life, higher healthcare costs, lower educational achievement and labour participation.[@R11] A vicious circle is emerging, transferring problems, such as obesity, from one generation to the next.[@R14] Promoting healthy behaviours at an early age may help to improve children's health on the short and long run.[@R10] Moreover, promoting health behaviours could also lead to better educational and academic achievements, which have been found to be related to improved health in later life as well.[@R15]

Schools can play an important role in promoting healthy behaviours in children since a significant proportion of a child's day is spent there and they reach all children.[@R16] As such, school-based interventions may be an important instrument to offer perspective in the ongoing obesity epidemic in young children. Many different school-based interventions (eg, related to education, environment, policy and monitoring) have been implemented to integrate health into the school system and reduce childhood overweight and obesity. The meta-analysis of both Cook‐Cottone *et al* and Oosterhoff *et al* found that the significant effect of school‐based interventions on children's body mass index (BMI) z-score had an overall weighted effect size (ES) of approximately −0.05.[@R19] Several studies indicated that effects are often hampered by underestimation of the challenges associated with implementing meaningful changes to the school system.[@R21] These challenges occur because an intervention always interacts with the specific school context.[@R22] Therefore, solutions for the challenges associated with changing school systems vary between schools as they all have their own dynamics.[@R22] Consequently, an intervention can be seen as an attempt to positively disrupt the prior functioning of a school system.[@R25] Some other reviews stated that specific subgroups of children benefit more from a school-based intervention. The review of Stewart-Brown[@R27] found that several studies indicated gender-specific results, with some school-based interventions being more effective in girls and others in boys. Age-specific effects were often found, with some interventions being more effective in older children and others in younger children.[@R27] Cook‐Cottone *et al* found that children's socioeconomic background can be an influential factor and that children already having overweight can respond more slowly or to a lesser extent to school-based interventions than children with a healthy weight.[@R19]

A Dutch initiative that embraces a contextual systems approach is the 'Healthy Primary School of the Future' (HPSF).[@R28] HPSF aims to improve the health and well-being of all children in the school which should contribute to a healthier future generation and thereby offer perspective in the ongoing obesity epidemic.[@R30] HPSF includes top--down and bottom--up processes to create health-promoting changes in the school. Two changes were initiated to create some form of positive disruption in the school: (1) providing a free healthy lunch each day and (2) daily structured PA sessions after lunch. While in other national school systems this may represent usual practice, these changes are hypothesised as disruptive to the Dutch school system because the provision of school lunches and structured PA sessions are not usual practice in Dutch schools. The two changes aimed to create momentum to implement additional health-promoting changes in the school, such as a healthy school policy or creating a PA-friendly schoolyard. All changes together should favourably affect the health behaviours of all school children, which should lead to improved health and a more normal weight status.[@R28]

The aim of the current study was to assess the effect of HPSF on children's BMI z-score after 1 and 2 years follow-up and to investigate whether HPSF has different effects within specific subgroups of children. The current study is part of an overall study to investigate HPSF. The overall study has a broad scope and includes a multidisciplinary research group, which focuses on many different outcomes, such as children's health behaviours, educational achievements and well-being. The studies that have been published previously, focused on the implementation process of HPSF[@R31] and the effects of HPSF on children's dietary and PA behaviours.[@R32] The current study explicitly concentrates on children's BMI z-score to focus in much detail on the primary outcome as described in the study design of Willeboordse *et al*.[@R28]

Methods {#s2}
=======

Study design {#s2-1}
------------

The current study had a longitudinal quasi-experimental design with four intervention schools and four control schools, which maintained the school curriculum that is currently common practice in the Netherlands. Ethical approval (14 N-142) was given by the Zuyderland Medical Ethics Committee located in Heerlen (Parkstad, the Netherlands). Parents had to sign an informed consent form to participate in all measurements for themselves and their child(ren). Measurements were conducted in September to November 2015 (T0), 2016 (T1) and 2017 (T2). A detailed description of the study and the power calculation is reported in Willeboordse *et al*.[@R28]

The Healthy Primary School of the Future {#s2-2}
----------------------------------------

Three collaborating organisations, that is, the regional educational board 'Movare', the regional Public Health Services and Maastricht University, developed the idea for HPSF.[@R28] In March 2013, 12 out of 53 schools governed by the Movare educational board were informed about the initiative. Four schools gave their initial consent and spent a whole school year (2014/2015) creating bottom--up support for HPSF. Two of the four intervention schools decided to implement both the daily lunch and the structured PA sessions and are referred to as the 'full HPSF'. The other two intervention schools decided to only implement the structured PA sessions, and are referred to as the 'partial HPSF'. All schools could implement additional health-promoting changes that fit their school context.[@R29] The full HPSF improved their health policy, provided water bottles to all children and provided an educational lunch once a week. The partial HPSF did not implement additional health-promoting changes.

Implementation started in all four intervention schools in November 2015. The time for having lunch (in the full HPSF) was increased to 20--30 min. The total lunch break time in these schools was prolonged by about 60 min. For this reason, the school day was extended: children of the full HPSF attend school to approximately 15:30/15:45 instead of 15:00. A dietician of the caterer developed a lunch menu cycle that changed every 10 weeks, in which at least 80% of the products met the advice of the Dutch Health Council.[@R33] A mid-morning snack, consisting of fruits and/or nuts, was also provided. The lunch, a bread-based cold meal, was typically Dutch. During lunch break time, the children participated several times a week in structured PA sessions; one or two times per week they could participate in cultural activities. The PA sessions were carried out in the schoolyard and, when available and needed, in parks, forest and/or sports hall in the neighbourhood. All schools collaborated with sport clubs or other external partners to offer specific activities as well. Since the two changes were contextualised bottom--up, this resulted in some differences between schools in the form of the changes; the content remained comparable.

The two changes, that is, providing daily a free healthy lunch and structured PA sessions after lunch, were both led by external pedagogical employees provided by childcare organisations to not increase the workload of teachers even further. This integration of the childcare organisation during school hours is not to provide a temporary solution, but to change the school's organisation in a sustainable way. The aim for the future is to bring school and childcare more together and thereby create an integrated day for children, whereby children are supervised by the same people prior, during and after school hours. Employees of sports and leisure organisations supported the external pedagogical employees during implementation when needed, and after a year they provided a training course (8 sessions of 2 hours) to supply them with additional tools for how to motivate children for active participation during the PA sessions. A health promoter from the regional Public Health Services was assigned to each school to provide support when needed. In this study, researchers from Maastricht University monitored and fed back results to the schools to support the processes of change. Funding for implementation of HPSF is provided by the provincial authorities until the end of 2019. However, the four schools have committed to continued implementation after 2019 and make the changes sustainable in their school.

Patient and public involvement {#s2-3}
------------------------------

Public involvement was a key feature of HPSF. This intervention intended to establish a cocreation movement in schools aimed at the systematic incorporation of health and well-being. The two top--down changes and the additional health-promoting changes were developed and contextualised by bottom--up involvement. Teachers and parents were involved from the start in the adoption decision and the process of adapting the several changes into the school context. Moreover, all four schools used a children voice group, with representatives from each class in school, to get insight into the opinion of children regarding HPSF. In this way, the experiences of children were being heard and the changes could be further contextualised to fit better to the children's needs and wishes. Each of the four intervention schools selected a teacher as school coordinator, who managed HPSF in their school. Overarching, HPSF was led by an executive board with representatives of the three collaborating organisations: Movare, the regional Public Health Services and Maastricht University. They discussed the study design, the relevant outcome measures and the interpretation of the results. The representative of Movare advised explicitly on school and participant recruitment and the communication to schools. A project team was created with representatives of all partners involved: the four schools, Movare, regional Public Health Services, Maastricht University, the Limburg provincial authorities, childcare organisations, the caterer and sports and leisure organisations. No patients were involved in this study.

Study population {#s2-4}
----------------

All intervention and control schools are situated in the Parkstad region in the southern part of the Netherlands. This region has a low average socioeconomic status (SES), and unhealthy lifestyle behaviours and overweight are highly prevalent compared with the rest of the Netherlands.[@R34] More information on the recruitment of the schools has been described elsewhere.[@R28] All children (n=2326 at T0) and their parents in the eight schools were invited to participate in the study. This included children from study year 1 to 8 (age 4--12 years), which is comparable to 2 years of Kindergarten and six primary school grades. Recruitment was done via information brochures for parents. In addition, the research team visited the classrooms to inform children about the study and encourage them to ask their parents for participation.[@R28] Due to the dynamic population in the schools (new children enter and other children finish school each year), we focused in this study only on the children who were enrolled in the schools at baseline till the end of this 2-year study. The population of children included in this study were: at baseline (T0) children from study year 1 to 7, at T1 children from study year 2 to 8 and at T2 children from study year 3 to 8. Children of these study years who joined the study at T1 or T2 were included, even though no baseline data were available. Even though these children joined the study later, they were at baseline already participating in their school and thus also exposed to HPSF during the full 2 years of this study. Children who switched to other schools between 2015 and 2017 were excluded.

Measurements {#s2-5}
------------

In each school, the data were gathered annually during 1 week of measurements. Inter-rater variability was minimised by training researchers according to a strict protocol.[@R28] Children's age, study year and gender were collected via the database of the educational board Movare. A digital questionnaire for parents was used to obtain information about the children's socioeconomic background and ethnicity. SES was calculated as the mean of standardised scores on maternal education level, paternal educational level and household income (adjusted for household size).[@R35] The mean scores were categorised into low, middle and high-SES scores based on tertiles. Children's ethnicity was determined by the country of birth of both parents and divided into (1) Western background (including the Netherlands) and (2) non-Western background.[@R36] If one of the parents was born in a non-Western country, the child's ethnicity was assigned to non-Western. The distinction between Western and non-Western was created because of differences in socioeconomic and cultural position between the two backgrounds.[@R36]

### BMI z-score {#s2-5-1}

Anthropometric measurements, that is, height, weight, hip and waist circumference, were conducted in children from study year 2 to 8. The measurements were integrated in the school hours allocated to physical education. Weight was measured to the nearest 0.1 kg (Weighing Scale 803, Seca, Hamburg, Germany) and height was measured to the nearest 0.1 cm (Stadiometer 213, Seca, Birmingham, UK). Hip and waist circumference were measured with a measuring tape to the nearest 0.1 cm (model 201, Seca,). Children were measured with light sports clothing and no shoes. All anthropometric measurements were performed twice, and a third measurement was conducted if the difference between the first two measurements exceeded a preset limit (weight ≥0.2 kg, height ≥0.5 cm, hip and waist circumference ≥1.0 cm). Unfortunately, hip and waist circumference were excluded from further analyses due to measurement errors. BMI was assessed by height and weight; age and gender-speciﬁc BMI cut-off points were used to deﬁne overweight and obesity.[@R37] BMI z-scores were calculated by using Dutch reference values.[@R6]

Statistical analyses {#s2-6}
--------------------

Data were analysed using IBM SPSS Statistics for Windows (V.23.0). Pearson's X^2^ tests and analysis of variance tests were conducted to analyse the comparability of the observed participant characteristics among the full HPSF, the partial HPSF and control schools at baseline. Linear mixed-model analyses were used to assess the longitudinal intervention effects on the children's BMI z-score. Since measurements were repeated within participants, we used a two-level model with repeated measurements as the first level and participants as the second level, where an unstructured covariance structure was considered for the repeated measures. The fixed part of the model consisted of group (full HPSF, partial HPSF and Control), time (T0, T1, T2) and the interaction terms of group with time. We were not able to include class as a level in the model, because often several divisions of one class existed, for example, 4a or 4b, and children often did not have fixed class divisions for all years. All analyses were adjusted for gender, study year at baseline, SES and ethnicity. Missing covariates and BMI z-scores were imputed using multiple imputation method with fully conditional specification and 10 iterations, generating 50 complete datasets. Gender, study year at baseline, school type, ethnicity, SES score and BMI z-score were used to impute the missing data. We performed two sensitivity analyses. First, we replicated the analyses by only selecting the children who had no missing BMI z-score at all three time points (complete-case analysis). Second, we replicated the analyses while excluding children with an extremely low BMI z-score at baseline (BMI z-score ≤ −2), to study the effects only in children for which a decrease in BMI z-score is favourable.

To study whether the intervention effects were similar for all subgroups of children, the following potential effect modifiers were considered: gender (boys/girls), study year at baseline (lower (1-4)/higher (5-8) grades), SES (low/middle/high) and baseline weight status (non-overweight/overweight). To assess this potential effect modification, the interaction term group\*time\*effect modifier, with all corresponding two-way interactions, was added to the above mentioned model. If this interaction term was significant (here we used a significance level of 0.10 to deal with the fact that the power of a test for interaction is relatively low and we did not want to miss any effect modification), the intervention effects were reported for all categories of the effect modifier separately. For all other analyses, a two-sided p≤0.05 was considered statistically significant. Standardised ESs at each time point were included, which were defined as estimated mean difference at that time point (T1 or T2) divided by the square root of the residual variance at baseline (pooled over all three groups).

Results {#s3}
=======

Of all children (n=2326) invited to participate in the (overall) study, 60.3% joined the study at baseline (n=1403) ([figure 1](#F1){ref-type="fig"}). Because of the study's dynamic population, a total of 1974 children and their parents participated in the study within the 2-year follow-up period (data collected at one time point at least). Due to the selection used for the current study, that is, only including the children who were in study year 1--7 at baseline, we included 1676 children in the analysis. Of these children, 47.4% were boys, their mean age was 7.5 years old and 94.1% had a Western ethnicity ([table 1](#T1){ref-type="table"}). In total, 19.9% of these children suffered from overweight or obesity, which is higher compared with the national average of 13%.[@R38] BMI z-scores at baseline differed significantly between the three school groups (p=0.034): the average BMI z-score of children in the control schools (z-score=0.232) was higher compared with children in the full HPSF (z-score=0.051) and the partial HPSF (z-score=0.092). Significantly more children suffered from overweight or obesity in these control schools (24.1%) than the full HPSF (16.5%) and the partial HPSF (17.9%) (p=0.006).

![Flow chart. \*Reasons for drop-out T1: switched to other include school (n=2), other reasons, for example, moved away or actively stopped participation (n=62). \*\*Reasons for drop-out T2: finished school (n=228), switched to other included school (n=17), other reasons, for example, moved away or actively stopped participation (n=45). \*\*\*Selection for effect study: at baseline (T0) children from study year one to seven, at T1 children from study year 2--8, and at T2 children from study year 3--8. HPSF, Healthy Primary School of the Future.](bmjopen-2019-030676f01){#F1}

###### 

Characteristics of study sample at baseline (T0)

                          Total   Full HPSF       Partial HPSF   Control         X^2^/F value   P value                                         
  ----------------------- ------- --------------- -------------- --------------- -------------- --------------- ----- --------------- --------- -----------
  Gender (% boys)         1676    47.4%           537            47.7%           478            47.3%           661   47.2%            0.029†   0.986
  Age (years)             1676    7.5 (±2.16)     537            7.6 (±2.16)     478            7.4 (±2.22)     661   7.6 (±2.13)      1.610    0.200
  Study year‡             1676    4.0 (±2.00)     537            4.0 (±2.00)     478            3.8 (±2.01)     661   4.1 (±1.99)      2.526    0.080
  Ethnicity (% Western)   1016    94.1%           341            93.0%           326            96.0%           349   93.4%            3.239†   0.198
  SES (%)                                                                                                                                       
   Lowest tertile         1117    32.6%           361            28.8%           365            32.3%           391   36.3%            5.636†   0.228
   Middle tertile                 34.0%                          35.7%                          35.6%                 30.9%                      
   Highest tertile                33.4%                          35.5%                          32.1%                 32.7%                      
  BMI z-score             1109    0.135 (±1.02)   321            0.051 (±1.01)   352            0.092 (±0.95)   436   0.232 (±1.07)    3.399    **0.034**
  Overweight/obese (%)    1109    19.9%           321            16.5%           352            17.9%           436   24.1%           14.156†   **0.006**

Bold p value=significant (\<0.05) difference.

\*Observed N, missing data were due to later participation in the study, incomplete parent questionnaire, or because no height/weight was measured in study year 1.

†X^2^ test.

‡Study year 1--8 in Dutch system is comparable to 2 years of kindergarten followed by grades 1--6.

BMI, body mass index; HPSF, Healthy Primary School of the Future; SES, socioeconomic status.

Observed data at T1 showed a decrease in BMI z-score compared with baseline in all three groups, with the full HPSF (∆z-score: −0.074) and the partial HPSF (∆z-score: −0.098) having the largest decrease, and control schools a smaller decrease (∆z-score: −0.018). At T2, a decrease in BMI z-score compared with baseline was observed in the full HPSF (∆z-score: −0.039) and the partial HPSF (∆z-score: −0.012), and an increase in the control schools (∆z-score: +0.058) ([figure 2](#F2){ref-type="fig"}). The extent of observed increase or decrease at T1 and T2 compared with baseline of individual children in the three different groups is visualised in [online supplementary figure S1](#SP1){ref-type="supplementary-material"}. This figure shows that compared with the control schools, in the full and partial HPSF, a higher percentage of children had decreased BMI z-scores. This was particularly visible after 1-year follow-up. The figure also indicates that, on an individual level, mostly minimal to moderate changes (−0.6 ≤∆z-score ≤+0.6) were realised. The variation in changes increased over time, that is, the percentage of large and extreme decreases and increases was larger after 2-year follow-up compared with 1-year follow-up.
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![Observed change in children's BMI z-score at 1 and 2-year follow-up compared with baseline. BMI, body mass index; HPSF, Healthy Primary School of the Future.](bmjopen-2019-030676f02){#F2}

Mixed-model analyses were conducted to study the differences in effect among the three groups. The intervention effect was, compared with control schools, significant after 1-year follow-up in the partial HPSF (ES=−0.05), not significant in the full HPSF (ES=−0.04) ([table 2](#T2){ref-type="table"}). After 2 years follow-up, a significant intervention effect on children's BMI z-score was found in both versions of HPSF. Children's BMI z-score had decreased significantly more in the full HPSF (ES=−0.08) and the partial HPSF (ES=−0.07), compared with children of the control schools, whose estimated mean BMI z-score increased from baseline to 2 years as reported above. No significant difference in effect was found between the full and partial HPSF at T1 and T2. Both complete-case analyses (n=759) and the sensitivity analyses in which children with an extremely low BMI z-score at baseline were excluded (N~excluded~=14), resulted in comparable ESs. None of the interaction terms of the potential effect modifiers, that is, gender, study year, SES and weight status, was significant ([online supplementary table S1](#SP1){ref-type="supplementary-material"}).

###### 

One and 2-year estimated intervention effects on children's BMI z-score\*

                                              Full HPSF versus control   Partial HPSF versus control   Full HPSF versus partial HPSF                                                                                                 
  ----------------- ------------------------- -------------------------- ----------------------------- ------------------------------- ------------------------- ---------- ------------------------ ----------------------- ------- ------
  **BMI z-score**   **T1**                    −0.038 (−0.09 to 0.01)     0.15                          −0.04                           −0.051 (−0.10 to −0.01)   **0.03**   −0.05                    0.013 (−0.04 to 0.06)   0.62    0.01
  **T2**            −0.083 (−0.15 to −0.02)   **0.01**                   −0.08                         −0.066 (−0.13 to 0.00)          **0.05**                  −0.07      −0.017 (−0.09 to 0.05)   0.63                    −0.02   

Bold p value=significant (\<0.05) difference.

\*Adjusted for baseline, gender, study year at T0, SES, and ethnicity.

BMI, body mass index; ES, effect size; HPSF, Healthy Primary School of the Future; SES, socioeconomic status.

Discussion {#s4}
==========

This study assessed the effects of HPSF on children's BMI z-score after 1 and 2-year follow-up compared with children of control schools. The findings showed a favourable decreasing effect at T2 on children's BMI z-scores in both the full HPSF (standardised ES=−0.08) and the partial HPSF (ES=−0.07) compared with control schools, where the BMI z-score actually increased at T2 compared with baseline. According to Lipsey's guidelines,[@R39] these findings can be indicated as a small effect (ES between 0 and 0.32). These small intervention effects are promising for three reasons: (1) they are already visible after 2 years of implementation, (2) they indicate a change in the increasing BMI trend observed in the control schools and (3) they are slightly higher than the ESs found in several meta-analyses regarding school-based interventions.[@R19] The decrease in BMI z-score found in this study in the full and partial HPSF can, therefore, be considered as a favourable and promising intervention effect. No significant differences were found between the full and partial HPSF. The main distinction between them was the provision of a healthy lunch. However, the process evaluation of Bartelink *et al* has shown that providing this lunch led to the implementation of additional health-promoting changes (eg, health promoting policy, educational lunch).[@R31] Additional health-promoting changes were not implemented in the partial HPSF.[@R31] However, since no significant differences were found between the full and partial HPSF, this might indicate that the differences between the two versions of HPSF did not have an additional favourable effect on the children's BMI z-score.

The favourable effects on children's BMI z-scores seem to indicate that the children improved their health behaviours. Indeed, significant favourable intervention effects were found after 1 and 2-year follow-up for the full HPSF on children's dietary behaviours for, among others, school water consumption and lunch intake of vegetables and dairy products.[@R32] Children's sedentary time and light PA significantly improved after 2 years follow-up. Almost no significant favourable results on children's health behaviours were found in the partial HPSF. Since it is the coexistence and interaction of several nutrition and PA behaviours that results in a positive (or negative) energy balance and weight gain (or loss),[@R41] the results suggest that many small improvements on several different health behaviours have occurred in the children of the partial HPSF, leading to the favourable effects on their BMI z-score.

Even though the effects of HPSF on children's BMI z-score seem promising, it is important to realise that 2 years follow-up is too short to conclude that HPSF has led to sustainable changes. A longer follow-up period is needed to study whether the results found are not only due to the children's enthusiasm for and cooperation with the new changes in school, which might result in intervention effects that diminish after longer follow-up periods. This can be the reason for the smaller observed change scores after 2 years follow-up compared with after 1 year, shown in [figure 2](#F2){ref-type="fig"}. On the other hand, the favourable results that are still found after 2 years follow-up might indicate that new habits and routines have developed in children's health behaviours. The latter is not easy to change and requires a shift in the social norms of all people in the school regarding 'normal' health behaviours. Therefore, further research into HPSF should investigate its long-term effects on children's BMI z-score. Other outcomes should also be investigated to study the effects of HPSF, including children's educational achievements and well-being and the cost-effectiveness of the intervention. This broader scope of the effects of HPSF is included in the overall study design and will be investigated by our multidisciplinary research group.[@R28] The specific focus in the current study enabled us to investigate the effects of HPSF on children's BMI z-score in much more detail.

The second research question investigated whether HPSF has different effects within specific subgroups of children. Effect-modification analyses showed no significant interactions at T1 and T2. However, ESs give a better indication since the big difference in group sizes in the subgroups of, for example, children's weight status, influenced the p value. All ESs showed similar patterns to the overall analyses. These results seem to indicate that no specific subgroups of children were found to benefit more from HPSF, which is promising as often school-based interventions only seem effective for specific subgroups.[@R19] These results are especially promising when related to health inequalities, because even when interventions are successful in improving children's health, they may still increase health inequalities. This can happen when an intervention is of greater benefit to advantaged groups, for example, high SES, than to disadvantaged groups, for example, low SES.[@R43] Given the results of the effect modification analyses, HPSF can be seen as an example of an intervention that does not seem to increase health inequalities among children. Further research with longer follow-up periods should investigate whether HPSF contributes to reducing the health inequalities.

Strengths and limitations {#s4-1}
-------------------------

The longitudinal quasi-experimental design can be seen as a limitation of this study, since we were unable to (cluster-) randomise schools. However, due to this design, we were able to test the effectiveness in terms of differences in children's BMI z-scores between the three school groups over time, and were also able to enrol schools on the basis of motivation, which reflects the real-life situation of school health promotion. Moreover, participants did not significantly differ from non-responders in the participating schools and other children in the region with regard to health and lifestyle.[@R44] The lack of randomisation could, however, have resulted in confounding bias. Therefore, we controlled for baseline BMI z-score, gender, study year at T0, SES score and ethnicity in all analyses. The significant differences in children's BMI z-scores at baseline between the three groups could indicate that children in the control schools are less open to change: their habits in unhealthy behaviours are stronger as they have already led to overweight or obesity. On the other hand, this difference, which we controlled for, may have resulted in an underestimation of the effect: more room for improvement existed for the children in the control schools compared with the full and partial HPSF.

Next, HPSF seemed to affect all children in the intervention schools. However, a decrease in BMI z-score might not be favourable for all of them, for example, when they already have an extremely low BMI z-score. Therefore, to ensure that the findings reflected the children for whom a decrease in BMI z-score is favourable, we conducted extra sensitivity analyses, in which we excluded the children with extremely low BMI z-scores at baseline. These analyses showed comparable results. The high number of children enrolled in the measurements, the low drop-out rate, and the objectively measured BMI were other strengths of this study. There were missing data because some participants did not participate from the start, other participants finished school before the last measurement period in 2017, the parental questionnaire was not completed, respondents skipped questions, or data could not be obtained due to the absence of the child. To deal with the missing data, multiple imputations were used, and a sensitivity analysis, in which only complete cases were included, was conducted. Complete-case analysis showed similar results to the original analysis, which increased the reliability of the findings in this study.

Conclusions {#s5}
===========

Taking all the results and limitations into account, it can be concluded that HPSF was effective in lowering children's BMI z-scores after 1 and 2-year follow-up and no specific subgroups of children were found to benefit more from the intervention. Even though longer follow-up periods are needed to draw hard conclusions, both versions of the initiative seem promising in offering perspective in the ongoing obesity epidemic in young children.
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